Increased interest of clinicians for using 3.0 T magnetic resonance imaging (MRI), as imaging modality of choice for their patients, has been evident in the past few years. The aim of this study was to compare the technical quality of the obtained tomography using 3.0 T and 1.5 T MRI, and to compare the subjective feeling of discomfort of patients and subjective acoustic noise experience during imaging using MRI at 3.0 T and 1.5 T. Brain MRI (1.5 and 3.0 T) was performed in 58 patients, according to a standardized protocol. All studies have been randomly described by independent two radiologists. The reference standard for the existence of technical artifact is established on the basis of both radiologists' consensus. We also compared the subjective feelings of the discomfort and acoustic noise during the both MRI (1.5 T and 3.0 T) exams. Artifacts were significantly more common during 3.0 T MRI in comparison with the 1.5 T MRI (χ 2 = 5.286, P < 0.05), as well as in male patients (χ 2 = 8.841, P < 0.05), and subjective assessments of discomfort and acoustic noise were higher in patients who underwent imaging using 3.0 T MRI, (χ 2 = 125.959, df = 1, P < 0.001) and in females (χ 2 = 195.449, df = 1, P < 0.001). Additional research is needed to prove that appropriate information for patients about the discomfort during 3.0 T MRI and their psychological preparation is very important element for optimal use of 3.0 T MRI in daily clinical practice.
Introduction
Magnetic resonance imaging (MRI) is considered to be a safe imaging technique. From the first days of using MRI, there have been a lot of attempts to make scanner with stronger magnetic field [1] . Today, the standard magnetic field strength of MRI is 1.5 Tesla, but the number of 3.0 T MRI installations is increasing. The main advantage for an MR scanner with stronger magnetic field is increased signal to noise ratio (SNR) which enables faster recording at a given resolution, better resolution for a given recording time or a combination of both [2] . Susceptibility artifacts could be useful for detection of hemoglobin breakdown products [3] . The limitation of MR scanners at strong magnetic field is an increase of susceptibility artifacts caused by the magnetic field inhomogeneity, pulsatile artifacts due to flow, artifacts due to chemical shifts, dielectric resonance artifacts [4] . When constructing MRI scanners at strong magnetic field, it is much more difficult to achieve magnetic field homogeneity. Even more is difficult to overcome inhomogeneity resulting from the anatomy of the patient, whose presence disturbs the field homogeneity due to the difference susceptibility of various tissues [5] . This is especially pronounced at the border between tissue and air, and it is seen in the temporal lobe area where the bones and the air filled sinuses are near brain tissue [6] .
Good quality examination largely depends on how an individual tolerates lying in the MR scanner, environment and performed procedures. Factors influencing a reduced tolerance patient for all MR scanners independent of magnetic field strength are extended time of scanning, ambient temperature, acoustic noise, uncomfortable position during laying and a personal level of the discomfort [7] . Discomfort in the form of dizziness, weakness, nausea, peripheral nerve stimulation, a sense of metallic taste in the mouth, is more common described in patients who underwent MRI at 3.0 T and higher than in patients who underwent MRI at 1.5 T [8] - [10] .
The strongest level of noise that was measured during the noisiest sequences at 1.5 T MRI was 101 -117 dB [11] and at 3.0 T MRI, it was 122 -131 dB [12] . The noise and the closed environment and the ability of tissue heating during MR imaging could worsen anxiety and induce claustrophobia.
Anxiety patients are more likely to experience claustrophobia during MRI, in up to 35% of cases [13] . Between 1% and 15% of patients requiring MR imaging suffer from claustrophobia, and in 2.3% of cases sedation is required to perform the imaging [14] .
It is assumed that because of claustrophobia 2,000,000 MRI yearly could not be performed, or they have to be prematurely terminated, with annual productivity loss of one billion US dollars [15] . Such patients require sedation and additional sequences after sedation to have imaging successfully completed. In some cases, sedation is not sufficient, so it is necessary to introduce the patient in a short-term general anesthesia. In addition to the possible side effects of anesthesia [16] [17] there are also additional costs due to a disrupted and reduced working process (workflow), limited ability of the patient to cooperate and the spent time intended for imaging [18] .
The aim of this study was to compare the technical quality of the obtained tomogra-phy using 3.0 T and 1.5 T MRI, and to compare the subjective feeling of discomfort of patients and subjective acoustic noise experience during imaging using MRI at 3.0 T and 1.5 T.
Materials and Methods

Patients
The study was conducted as a prospective study from 30 September 2013 to 01 May 2014 in the Department of Clinical Radiology, University Medical Centre in Banja Luka. The study included 58 patients suffering from epilepsy older than 6, both gender.
The study was approved by the Ethics Committee of the Clinical Center of Banja Luka. Before each examination patients were thoroughly informed by the radiologist about examination, duration of the imaging, noise exposure, and confinement. Patients were informed that imaging could be discontinued at any time. All patients gave informed consent to participate in this study. For juvenile patients informed consent for participation in the study was given by parents. Before imaging each patient filled out a security form of the Institute of Clinical Medicine, which was explained to each patient individually. For juvenile patients, the security form was filled out by their parents.
Instrumentation and Technique
Each patient was examined using a MR scanner at 1. artifacts caused by displacement, movement, artifacts caused by magnetic field distortion, aliasing artifacts, artifacts caused by metal objects, chemical shift artifacts, Gibbs artifacts. All artifacts that were identified by both radiologists were compared with a reference standard. The reference standard for the existence of technical artifact is established on the basis of both radiologists' consensus.
Levels of general discomfort that might have been experienced during both MRI were evaluated and reported by the patients using values of 1 to 10. Value 1 corresponded to the absence of any discomfort, while a value 10 corresponded to the intoler-able discomfort.
Levels of acoustic noise that might have been experienced during the both MRI were evaluated and reported by the patients using scale from 1 to 10. Value 1 corresponds to the absence of any acoustic noise, until a value 10 corresponds to the state of intolerable acoustic noise. Noise and discomfort evaluation was not correlated with MRI sequences.
Data on the subjective feeling of discomfort and subjective feeling of exposure to noise were entered in the forms created by the author.
Statistical Analysis
Statistical program SPSS for Windows software (SPSS18.0, Inc., Chicago, Illinois, USA) and Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) was used for statistical analysis of the data obtained.
All results will be properly statistically analyzed (descriptive statistics, sensitivity, specificity, appropriate statistical tests with significance level of P < 0.05).
Results
The study included 58 patients suffering from epilepsy, 30 men (51.7%) and 28 women (48.3%). The average age of patients was 27.6 (±14.1) with a range of 9 -70 years. Most of patients (33 of them), were 11 to 30 years old (56.9%). Three patients manifested anxiety and claustrophobia during the first MRI (man and woman at 3.0 T and man at 1.5 T) and withdrawal examinations. They have been excluded from the study. Table 1 ).
The following was evaluated: effects of gender, the strength of MRI and their relations with the number of artifacts by consensus using Brunner-Langer nonparametric ANOVA. The results showed that there was a statistically significant difference in the number of artifacts in men and women (χ 2 = 8.841, P < 0.05), as well as a statistically significant difference in the number of artifacts at 1.5 T and at 3.0 T (χ 2 = 5.286, P < 0.05). Artifacts were more common in men than women and more common seen at 3.0 T ( Table 2 ).
There were 11 artifacts in 10 patients at 1.5 T MRI and 18 artifacts in 15 patients at 3.0 T MRI (Table 3) .
It was tested whether the effects of gender and their interaction on the discomfort evaluation (based on consensus) were significant, using Brunner-Langer non-parametric ANOVA. The results showed that there was a statistically significant difference between estimates of discomfort for men and women (χ 2 = 13.623, df = 1, P < 0.001), average rank of estimates of discomfort for men was 43.583, and for women 63.798. So, we could conclude that the assessment of discomfort was greater for women than for men (Table 4) . Interrater agreement coefficient for 1.5 T MRI was 0.837
Interrater agreement coefficient for 3 T MRI was 0.828 Table 2 . Number of artifacts in relation to gender and magnetic field strength.
Number of artifacts χ Also, it was tested whether the effects of MR strength and their interaction on the discomfort evaluation (based on consensus) were significant, using Brunner-Langer non-parametric ANOVA. The results showed that there was a statistically significant difference between estimates of discomfort for 1.5 T and 3.0 T MRI (χ 2 = 125.959, df = 1, P < 0.001). Average rank of estimates of discomfort for 1.5 T MRI was 36.186, and for 3.0 T MRI was 71.196. So, we could conclude that the assessment of discomfort was greater for 3.0 T MRI than for 1.5 T MRI (Table 4) .
It was tested whether the effects of gender and their interaction on the patient's evaluation regarding acoustic noise (based on consensus) were significant, using Brunner-Langer non-parametric ANOVA. The results showed that there was a statistically significant difference between estimates of acoustic noise for men and women (χ 2 = 15.256, df = 1, P < 0.001). Average rank of estimates of acoustic noise for men was lower (44.380) in comparison to women (62.971) ( Table 5) .
Also, it was tested whether the effects of MR strength and their interaction on the patient evaluation of acoustic noise (based on consensus) were significant, using Brunner-Langer non-parametric ANOVA. Average rank of estimates of acoustic noise for Table 5 ).
Calculated correlation coefficients (Pearson and Spearman correlation coefficient)
are those between the age of patients and, respectively, discomfort and acoustic noise that patients experienced during the MRI at 1.5 T or at 3.0 T. The correlation coefficients were not significantly different from zero (in all cases, P-value of the test was greater than 0.05). There was no correlation between the age of patients and the discomfort or acoustic noise that patients experienced during the MRI at 1.5 T or at 3.0 T (Table 6 ).
Discussion
With a statistically significant difference there was greater number of artifacts registered on 3.0 T MR scanner versus 1.5 T MR scanner and they were seen more common in males than in females. The largest number of artifacts are caused by the movement, and then because of magnetic field distortion.
Research by Phal and associates showed that artifacts, due to displacements, were In the paper by Zijlmans and associates of the examined 27 patients, artifacts were registered in 1 patient who underwent 1.5 T MRI due to displacement and in 2 patients who underwent 3.0 T MRI, and one patient was excluded from analysis due to demonstrated artefacts at 3.0 T MRI [21] . Zijmans considers that the institutions in which the 3.0 T MRI is standard, in some cases would repeat exam at 1.5 T MRI where the artifacts in temporal and fronto-basilars regions were less demonstrated. The results of our study do not provide an explanation of why the artifacts are more common in men.
More research is needed and different study design.
In our research, the subjective assessment of acoustic noise in patients who underwent 3.0 T MRI is significantly higher compared to patients who underwent MRI at 1.5
T, and subjective assessment of noise is greater in women than in men. Also, the subjective assessment of discomfort on patients who underwent 3.0 T MRI is significantly higher compared to patients who underwent 1.5 T MRI, and subjective assessment of discomfort is greater in women than in men. In the paper by Chou et al., acoustic noise is the most common cause of discomfort for children and youth who underwent MRI at 3.0 T [22] . Up to 70% of children younger than 12 years indicated the noise as a major complaint during the MR imaging. 25%
adults and older children considered that acoustic noise was a problem.
Less than 20% of children who underwent 3.0 T MRI complained of general discomfort, feeling cold, claustrophobia, and dizziness. Weintraub and colleagues reported for the 1023 patients who underwent 3.0 T MRI the following: sensory inconvenience in 14% patients, with dizziness, headaches and low back pain were more common in patient who underwent 3.0 T MRI, and metallic taste in the mouth was more common in patients who underwent 1.5 T MRI [10] . All the symptoms mentioned in the study were more common in females.
Study by Esed and associates revealed that claustrophobia occurred more often in females, with no significant difference [23] . In one study, Berg and colleagues examined the reasons why women with high risk for breast cancer refused breast MRI. Their results showed that even 10.6% (133 of 1215) patients, in whom breast MRI was indicated, were not examined due to claustrophobia [24] and that claustrophobia was the most common reason for unperformed MRI (25.4%).
Results of the study conducted by Dawey and associates, which included 55,000 patients who had undergone various MRI examinations, showed that the claustrophobia was statistically more common in women and middle-aged patients [14] . The same author quoted that the incidence of claustrophobia was 1.7 times higher in women (compared to males) and that was 2.1 times more common in middle-aged people.
In our study there was no correlation between the age of patients and the discomfort or acoustic noise that patients experienced during 1. To avoid claustrophobic reactions of patients, there are attempts to improve comfort during MRI, usually by reducing acoustic noise and reducing feelings of isolation simulating panoramic view [25] . Positive effects of noise reduction by using an improved gantry design (short and long) have been confirmed in a large sample of patients who were examined in the MR scanner with a new cylindrical, CT gantry-like, design with 97% reduction in acoustic noise [14] . However, patients with claustrophobia often have to receive potentially risky sedation or anesthesia, even if they are undergoing improved MRI.
MR scanner with an open gantry is useful for anxious patients. Until recently, their main disadvantage was the low field (0.2 T), which resulted in poor quality imaging. [26] . Diagnostic value of recently produced "open" high field MRI scanners (1.0 T) is yet to be confirmed [27] . Technologies that enable MR sequences with low levels of noise are increasingly used, and a special attention is paid to their further development [28] - [30] .
Conclusions
In the past few years, increased interest of clinicians for using 3.0 T MR scanner as imaging modality for their patients is evident. The reason is a superior spatial and tem-poral resolution and better signal to noise ratio compared to 1.5 T MRI. On the other hand, clinical practice shows that the success of MRI depends not only on the abovementioned parameters, but also on a whole range of other parameters that are related to scanner, staff and patients.
Our results showed that artifacts were significantly more common during 3.0 T MRI in comparison with the 1.5 T MRI, as well as in male patients, and subjective assessments of discomfort and acoustic noise were higher in patients who underwent 3.0 T MRI, and in females. Appropriate information for patients about discomfort during 3.0
T MRI, and their psychological preparation is very important element for optimal use of 3.0 T MRI in daily clinical practice. The future will probably show new technological solutions that will reduce the feeling of discomfort and noise and thus contribute to quality imaging.
